Nowadays, technological innovation has been regarded as a driving force of the development of economy and society and accelerated the progress of electric power industry. Therefore, the analysis and decision making of technological development strategy provide an effective way to make innovative progress in power grid companies. In this paper, an integrated method based on SWOT analysis and AHP_VIKOR is proposed to identify the strengths, weaknesses, opportunities and threats of technological development in power grid companies and use them as evaluation criteria for further decision making of technological development strategy. The integrated method is illustrated with a case of State Grid Corporation of China (SGCC). Through questionnaire survey, this paper obtains the SWOT factors of SGCC and utilizes AHP_VIKOR method to determine the appropriate technological development strategy. It is concluded that the results are consistent with the actual situation and the proposed method provides scientific support to the technological development strategy decision making in power grid companies.
INTRODUCTION
With the coming of the global energy crisis, the scientific and technological innovation of electric power industry increasingly becomes a hot issue concerned with energy policy of all nations and development of energy technology, and thus becomes the key to enhance the competitiveness of power grid enterprises. Therefore the research of technological development strategy which improves the innovative capacity has gradually increased.
Some authors analyzed the technological development strategy in power grid companies qualitatively and investigated the present condition (Guo, 2006) , difficulties (Bai, 2015) , countermeasures (Moline and de la Fuente, 2002) and development tendency (Lo and Sun, 2014) of power grid companies. Based on these researches, an increasing number of scientific methods were utilized to analyze the technological development strategy in power grid companies such as SWOT analysis (Zhao et al., 2011; Chen et al., 2015) which was improved as a scientific analysis method of enterprise strategy. SWOT analysis was applied to investigate the scientific and technological situation in Guizhou electric power company and beneficial suggestionswere proposed (Nong and Zhang, 2015) .The innovation strategy of China South Power Grid was decomposed by SWOT analysisand an evaluation index system of innovation strategy in provincial branches was established . Furthermore, SWOT-PEST analysis was used to provide development strategy to Xinjiang electric power company (Cui and Ge, 2013) . At present, the literature in analysis of technological development strategy in power grid companies is inadequate. For one thing, the most research contents only focus on regional enterprises and for another thing, most papers research on the qualitative analysis of strategy and make subjective suggestions. This paper integrates the strategic analysis and decision-making methods to analyze the internal and external environment of technological development in power grid companies and makes scientific strategic decisions.
As an important method of enterprise strategic analysis, SWOT analysis has been improved to develop a more accurate strategy. Recent research mainly integrated SWOT analysis and mathematical and decisionmaking methods such as Analytical Hierarchy Process (AHP) (Muerza et al., 2014; Gao et al., 2014) , Analytic Network Process (ANP) (Quezada, 2014) and TOPSIS (Zadeh Sarraf, 2013) to analyze and choose the strategy. AHP and SWOT analysis were used in enterprise strategic analysis to determine the weights of SWOT factors (Tavanaet al., 2016; Şükran and Mesut, 2016) . Besides, SWOT_ANP strategic analysis model was proposed (Catron et al., 2013) . Weighted average method and SWOT analysis were utilized to investigate the innovation ability and innovation development strategy in small and medium-sized enterprises in Jiangsu Province . ANP_TOPSIS method was used to analyze the potential correlation between SWOT factors and determine the ranking order of strategic alternatives . Fuzzy SWOT_TOPSIS method based on AHP was put forward to rank the importance of SWOT factors and develop Rev. Téc. Ing. Univ. Zulia. Vol. 39, Nº 4, 188 -196, 2016 189 an optimal strategy (Bas, 2013) . On basis of above research, AHP_VIKOR method proposed by this paper can determine the weights of SWOT factors accurately and overcome the shortage of TOPSIS method to obtain a more suitable strategy. This paper proposes an integrated method based on SWOT analysis and AHP_VIKOR. In this method, the strengths, weaknesses, opportunities and threats of power grid companies are regarded as evaluation criteria and AHP_VIKOR method is utilized to determine the optimal technological development strategy. Taking SGCC as an example, this paper obtains the SWOT factors through questionnaire and develops an appropriate technological development strategy. It is concluded that the results are consistent with the actual situation and the proposed method provides scientific support to the decision making of technological development strategy in power grid companies.
THEINTEGRATEDDECISION-MAKINGMODELBASEDON SWOT AND AHP_VIKOR
The decision making process includes two steps after the SWOT factors and the strategy alternatives of one electric power company are determined. The weights of SWOT factors are obtained by AHP method and then the alternatives are evaluated and ranked using VIKOR method.
AHPMethodtoDeterminetheWeights
AHPmethodwasproposedbyT.L.Saatytosummarizethethinkingpatternsofhumanbeingsandquantifythecompl exandambiguousinterrelationshipeffectively. This method builds a hierarchical structure according to the dominance relation and determines the relative importance of attributes in the hierarchy through pairwise comparison. The steps of AHP are as follows.
Step 1. Establish the judgment matrix. The judgment matrix is established by pairwise comparison and represented as follows. Table 1 . 
where n is the order of the judgment.
Step 3. Calculate the consistency ratio CR.
where RI is the mean random consistency index listed in Table 2 . When 0.1 CR  , the consistency of the judgment matrix is considered acceptable. Otherwise the matrix should be modified until the consistency condition is satisfied. According to the above steps, the relative weights of attributes are obtained. Then the weights times the weights of the next hierarchy can output the weights of the lowest hierarchy.
VIKOR Method to Evaluate Alternatives
VIKOR method is a compromised ranking method proposed by Professor Opricovic who argued that the optimal solution obtained by TOPSIS method was not always closest to the ideal solution. This method can obtain a more accurate decision result by giving consideration to maximization of group utility, the minimization of individual regret and the subjective preference of decision makers.
The fundamental principles of VIKOR method are based on L p -metric consolidation function represented as follows.
where ij f is the attribute value of j C and * Step 1. We invite experienced experts to grade alternatives with respect to each attribute using a ten-point scale and then establish the initial decision matrix where i A is the ith alternative ( 1, 2,..., im  ), j C is the jth attribute ( 1, 2,..., jn 
) and ij f is the attribute value of the ith alternative with respect to jth attribute. The decision matrix is shown as follows.
Step 2 
Step 3. 
where j w is the weight of jth attribute obtained by AHP method.
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** **
(1 ) v is the coefficient of maximization of group utility. This paper takes 0.5 v  , which means the alternatives are evaluated in a balanced and compromised way.
Step 5. Rank the alternatives according to 
A is considered as the optimal decision.
(2) (1)
A is also considered optimal according to the values of i S and i R .
The Integrated Decision-making Model
SWOT analysis of technological development in power grid companies
Determining the weights of attributes using AHP Establishing AHP judgment matrix with SWOT factors as attributes
Ranking the strategies using VIKOR Determining the optimal technological development strategy
Figure 1.The integrated decision-making model
In this paper, SWOT analysis and AHP_VIKOR model are integrated shown in Figure 1 . The specific steps are represented as follows.
Step 1. With respect to an electrical power company, the internal strengths, weaknesses and external opportunities, threats of the technological development are analyzed and the SWOT matrix is built.
Step 2. Let the SWOT factors and sub-factors be the attributes in the first and second hierarchies and establish the evaluation index system.
Step 3. Establish the judgment matrix of each hierarchy according to the expert scoring and calculate the weights of attributes using Eqs. (1)-(3) . The results should pass the consistency check.
Step 4. Experienced experts are invited to grade the SO, WO, ST, WT strategies using a ten-point scale and the normalized decision matrix is obtained using Eqs. (8)- (12). Then calculate the integrated indexes of four strategies.
Step 5. The optimal strategy is the one with the smallest integrated index.
AN SWOT ANALYSISOFTECHNOLOGICAL DEVELOPMENT IN SGCC
SGCC as the important state-owned backbone enterprise which concerns the national energy security and the national economy has made outstanding achievements in scientific and technological innovation during the Twelfth Five-year Plan. Therefore the company is expected to break through the key technologies which restrict the development of the grid as soon as possible, promote the core competence practically and thus lead the development direction of electric power technology.
Taking SGCC as an example, this paper identifies the strengths, weaknesses, opportunities and threats and make strategic decisions by the SWOT_AHP_VIKOR method. Finally, a competitive strategy suitable to company development is developed.
The Survey Results and Analysis
This paper produced and distributed network questionnaires and 455 valid questionnaires were received in two months. The proportion of respondents who work for grid research institutions, grid management departments, electric power construction units and universities reaches above 90% and 64.72% of the respondents have working experience of over 20 years. It is proved that the survey results are very representative.
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( From the above research results, it is evident that the most outstanding advantages with high votes are abundant funds, abundant laboratory resources, high level of scientific and technological personnel and strong ability to manage scientific and technological projects. In this paper, we select these four aspects as sub-factors for further analysis.
( From the above research results, it is evident that compared with other international first-class enterprises, the prominent problems of scientific and technological development with high votes are defective scientific incentive mechanism, inadequate cutting-edge scientific and technological personnel, unreasonable allocation and use of funds and unsound science and technology system. In this paper, we select these four aspects as subfactors for further analysis.
( From the above research results, it is evident that the biggest threats to the scientific and technological development of the company in the future with high votes are the national policy, alternative technologies or products and new energy technology. In this paper, we select these three aspects as sub-factors for further analysis.
(4) In your opinion, in addition to the economic support, which of the following are particularly important to the scientific and technological development in the company? ( ) From the above research results, it is evident that incentive mechanism of scientific research personnel, attitudes of senior managers, the level of laboratory construction and scientific and technological development strategy are more important to the scientific and technological development. Therefore, the research results can be used as reference for taking measures to improve scientific and technological development when the company establishes competitive strategies.
The SWOT Analysis
Through the above survey results, we can obtain the SWOT matrix of technological development of SGCC shown in Table 3 . Improve the scientific and technological system, introduce the potential talents and strongly push scientific and technological innovation.
THEDECISION MAKINGOFTECHNOLOGICAL DEVELOPMENTSTRATEGY IN SGCC
The AHP model of technological development strategy in SGCC is established according to Table 3 where the SWOT factors are the first grade attributes and the sub-factors are second grade attributes.
The scores of importance of attributes are collected and formed into five judgment matrixes, shown in Tables 4 to 8 . According to Eqs.
(1)-(3), the weights of attributes in each hierarchy are obtained and the consistency indexes are calculated, shown in Table 9 . After the results passed the consistency check, the final weights are represented in Table 10 . It can be seen that the weights basically accord with the survey results, which proves the accuracy of AHP method.
Then establish the decision matrix according to the expert scoring. The normalized matrix is shown in Table 11 . Table 11 . The normalized decision matrix S1 S2 S3 S4 W1 W2 W3 W4 O1 O2 O3 O4 T1 T2 T3  SO Table 12 . 0.71 0.27 1 From the above results, the ranking order of strategies is WO>ST>SO>WT and WO strategy is the optimal strategy. It is illustrated that the most appropriate technological development strategy is to overcome the shortcoming of innovation, seize the possible opportunities and focus on better development. The survey results also reflect the advantages of WO strategy.
(1) In China, the reform of energy system is under way and "Internet plus smart energy" will be the breakthrough of the marketization of energy system. As China has entered the age of Internet, the company should further implement the strategy of innovation development, promote the development of "Internet plus technology" and innovate in the patterns of technological development. Additionally, the fundamental research should be highly valued and lay a good foundation of research of scientific frontier.
(2) Effective human resource management is an issue that requires attention. The company should provide more training of innovation ability to personnel and attract employees with high levels of knowledge to guarantee the resource of innovation. Institutionally, it is necessary to improve the coordination mechanism, complete the management system of science and technology and improve the system of technological achievement evaluation and intellectual property.
5.CONCLUSIONS
This paper has proposed an integrated decision-making model with respect to the technological development strategy in power grid companies based on SWOT analysis and AHP_VIKOR method. Taking SGCC as an example, this paper has investigated the present situation of technological development and identified the strengths, weaknesses, opportunities and threats. Then the given strategies were evaluated in order to give suggestions to SGCC. The results show that the weights and optimal strategy are reasonable and practical. In this paper, the proposed method has proved to be scientific and effective to formulate technological development strategy in power grid companies.
